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(54) INK JET RECORDING DEVICE 

(57)Abstract 

PURPOSE: To upgrade the printing quality and carry out 
the stabilized high speed printing by feeding ink of 
specified structural viscosity index provided with 
thixotropic modification working as viscosity from an ink 
source into an ink liquid chamber. 
CONSTITUTION: Ink is fed from an ink source, passed 
through a feed opening 8 opened on a top plate 7 and 
fed into a liquid chamber 4, and then fed to respective 
nozzles 2. Ink fed therein is jetted out of a jet outlet 3. 
In that case, the power multiplication formula of the ink 
is TpKx(shear rateXtpl) and when ink thixotropic 
properties are set approximately ((k) is (pseudoplasticity 
of viscosity), thixotropic properties having the structural 
viscosity index (n) of 0.93 or under in the range of shear 
rate of 10-100 (l/s) and viscosity (t]) of 10mPa.s or less 
at the sear rate of 500 (1/s) is provided. Ink of 
comparatively high viscosity can be jetted out stably by 
the arrangement, and/or the refilling time of ink into 
nozzles is shortened to carry out the high speed 
recording. 
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Japan Patent Office is not responsible for 
any 

damages caused by the use of this 
translation. 

1. This document has been translated by 
computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be 
translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Two or more nozzles which had 
a regurgitation means in a nozzle and 
had a ZURI speed generating means in a 
nozzle between said regurgitation means 
and deliveries at least, And it has a liquid 
room to which it is open for free passage 
at these nozzles and nozzle edges, and 
ink is supplied from a source of ink. 
When viscosity of ink furthermore 
supplied to this liquid room approximates 
the thixotropy nature of ink by power law 
type'eta=k x (ZURI speed) (n-l) (k is 
pseudoplasticity viscosity), An ink jet 
recording device with which a structural 
viscosity characteristic (n) is 0.93 or less, 
and ZURI speed is characterized by ZURI 
speed having thixotropy nature whose 
viscosity (eta) is 10 or less mPa-s in 500 
(l-/s) in the range of 10- 100 (l-/s). 
[Claim 2] An ink jet recording device 
according to claim 1 with which setting 



out of a regurgitation means and a ZURI 
speed generating means is performed so 
that a part where ZURI speed of ink 
becomes more than 500 (17s) at the time 
of actuation of a regurgitation means in a 
nozzle between a regurgitation means 
and a delivery and/or between a 
regurgitation means and a nozzle edge 
may occur. 

[Claim 3] An ink jet recording device 
according to claim 1 or 2 with [ have a 
ZURI speed generating means (A) in a 
nozzle between a regurgitation means 
and a delivery, and ] a ZURI speed 
generating means (B) in a nozzle between 
a regurgitation means and a nozzle edge. 
[Claim 4] An ink jet recording device 
according to claim 3 whose ZURI speed 
generating means (A) is the constriction 
configuration which the nozzle cross 
section reduced in the direction of a 
delivery. 

[Claim 5] An ink jet recording device 
according to claim 3 whose ZURI speed 
generating means (A) is a flow-resistance 
element. 

[Claim 6] An ink jet recording device 
according to claim 4 whose ZURI speed 
generating means CB) is the constriction 
configuration which the nozzle cross 
section reduced in the direction of a 
nozzle edge. 

[Claim 7] An ink jet recording device 
according to claim 3 or 5 whose ZURI 
speed generating means OB) is the 
constriction configuration which the 
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nozzle cross section reduced in the 
direction of a nozzle edge. 
[Claim 8] An ink jet recording device 
according to claim 3, 4, or 5 whose ZURI 
speed generating means (B) is a 
flow-resistance element. 
[Claim 9] An ink jet recording device 
according to claim 6 whose relation 
between maximum (rl) of rate of change 
of the nozzle cross section between a 
delivery and a regurgitation means and 
maximum (r2) of rate of change of the 
nozzle cross section between a 
regurgitation means and a nozzle edge is 
rl>r2. 

[Claim 10] An ink jet recording device 
according to claim 1 or 2 with a ZURI 
speed generating means only in a nozzle 
between a regurgitation means and a 
delivery. 

[Claim 11] An ink jet recording device 
according to claim 10 whose ZURI speed 
generating means is the constriction 
configuration which the nozzle cross 
section reduced in the direction of a 
delivery. 

[Claim 12] An ink jet recording device 
according to claim 10 whose ZURI speed 
generating means is a flow-resistance 
element. 

[Claim 13] An ink jet recording device 
given in any 1 term of claims 1-12 whose 
regurgitation means are heaters. 
[Claim 14] An ink jet recording device 
given in any 1 term of claims 3-9 
equipped with an oscillating means to 



fluctuate the rate of flow of ink in a 
nozzle periodically near [ ranging from a 
source of ink to a nozzle ] the migration 
field of ink. 

[Claim 15] An ink jet recording device 
according to claim 14 whose oscillating 
means is an electric machine conversion 
object. 

[Claim 16] An ink jet recording device 
according to claim 14 whose oscillating 
means is a heater. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to an ink jet recording device. 
[0002] 

[Description of the Prior Art] An ink jet 
recording device is equipment which 
breathes out from a nozzle by making ink 
into a minute drop, and records an 
alphabetic character, a graphic form, etc., 
and has the advantage which was 
excellent as a means of the output of a 
very minute image, and high-speed 
printing. the miniaturization of 
equipment and the densification of an 
image are easy for especially the method 
(the heat ink jet record method) using 
bubble (air bubbles) ** generated with 
the electric thermal-conversion object (it 
expresses a "heater" below.) etc. - etc. - it 
has the feature (JP,61-59911,B). 
[0003] As for printing by the ink jet 
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recording device, a dot is formed, when 
the drop of ink is made to reach the 
target in discharge and the record paper 
as a drop and the drop is fixed to the 
recording paper in ink. If the ordinary 
temperature dry ink accompanied by a 
phase change is removed, fixation will be 
dependent on osmosis on the recording 
paper, and evaporation of a volatile 
constituent. This fixation phenomenon 
influences the grace of printing very 
greatly. That is, if the time amount to 
fixation is long, ink spreads along with 
the fiber of paper, consequently the 
outline faded, namely, printing will 
become what has low edge sharpness. 
Moreover, in printing of a color picture, a 
blot (bleeding) of a color occurs in the 
contiguity section of the field of a 
different color. This method is not so 
desirable, although it is possible to 
enlarge osmosis of ink, and speed of 
evaporation and to shorten fixation time 
amount in order to improve printing 
grace to this problem. Because, when 
osmosis speed of ink is enlarged too much, 
since the color material of ink also 
becomes easy to permeate record 
Kaminaka, the concentration of printing 
will fall. Moreover, when the vapor rate of 
ink is enlarged too much, the danger of 
getting the nozzle of an ink jet recording 
device blocked increases. 
[0004] Then, although fixation time 
amount is long to some extent, it 
considers using the ink of the 



hyperviscosity of the value high the edge 
sharpness of printing and bigger as a 
system to which bleeding cannot happen 
easily than the ink viscosity (several 
mPa-s) of the ink jet recording device by 
which current practical use is carried out, 
and a several 10 mPa-s (for example, 10 - 
50 mPa-s) degree. 

[0005] In addition, the front face of utility 
value is [ the ink of such hyperviscosity ] 
high to the recorded material of a metal 
or resin. 
[0006] 

[Problem(s) to be Solved by the 
Invention] However, generally it is 
difficult to supply the ink which has the 
hyperviscosity of dozens mPa-s to a 
minute nozzle, and to make stability 
always breathe out (the 1st technical 
problem). In order to solve this problem, 
at the time of the regurgitation, viscosity 
is small, for example, it is number mPa-s, 
and after reaching the target in the 
record paper, viscosity is large, for 
example, the ink property which are 
dozens mPa-s should just be acquired. 
Various methods as shown below as a 
means for this are proposed. 
[0007] Although there is a method using 
ordinary temperature dry ink which is 
indicated by JP, 55- 54368, A, this method 
has the problem of the structure of a 
recovery system becoming complicated 
rather than the case of ordinary 
temperature liquid ink. 
[0008] Record ink and fixation 
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acceleration ink are made to breathe out 
independently, and the method of making 
both react in the record paper and 
promoting fixation is proposed 
(JP,61-249755,A). However, it is 
necessary to prepare the supply system of 
fixation acceleration ink separately, and 
there is a defect, like a user's burden 
increases further for management of the 
acceleration ink. 

[0009] There is a method of reducing 
viscosity by heating the ink near the 
delivery at the time of record 
(JP,63-170038,A). However, this method 
promotes evaporation of the volatile 
constituent of the ink near the delivery 
simultaneously, and has the problem to 
which the presentation of ink is changed. 
[0010] As the 2nd technical problem, 
hyperviscous ink is disadvantageous for 
high-speed record, in order for the refill 
speed to the nozzle after the 
regurgitation to fall according to the 
viscosity. 

[0011] Although supply of ink is generally 
made according to the capillary force of a 
nozzle, technology, such as 
JP,56-129177,A, is applied, an oscillating 
means is formed in the supply system of 
ink, and how to move ink compulsorily by 
this can be considered. However, even if it 
makes ink only vibrate or ripple, unless a 
valve is prepared in a supply system, 
since the total ink flow rate per fixed time 
amount is almost fixed irrespective of the 
existence of an oscillation, it cannot 



promote supply of ink. 

[0012] Then, the object of this invention 

is offering the ink jet recording device in 

which high-speed printing by which 

solved the above-mentioned problem and 

printing graced was stabilized highly is 

possible. 

[0013] 

[Means for Solving the Problem] this 
invention person completed this 
invention, as a result of repeating various 
examination, in order to solve the 
above-mentioned technical problem. 
Namely, two or more nozzles which this 
invention had a regurgitation means in a 
nozzle in the 1st, and had a ZURI speed 
generating: means in a nozzle between 
said regurgitation means and deliveries 
at least, And it has a liquid room to which 
it is open for free passage at these nozzles 
and nozzle edges, and ink is supplied 
from a source of ink. When viscosity of 
ink furthermore supplied to this liquid 
room approximates the thixotropy nature 
of ink by power law type'eta=k x (ZURI 
speed) (nl) (k is pseudoplasticity 
viscosity), ZURI speed is related with an 
ink jet recording device with which a 
structural viscosity characteristic (n) is 
0.93 or less, and ZURI speed is 
characterized by viscosity (eta) having 
thixotropy nature which is 10 or less 
mPa-s in 500 (l-/s) in the range of 10-100 
(l-/s). 

[0014] In it, this invention equips the 2nd 
with an oscillating means fluctuate the 
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rate of flow of ink in a nozzle periodically 
near [ ranging from a source of ink to a 
nozzle ] the migration field of ink, and 
has a ZURI speed generating means (A) 
in a nozzle between a regurgitation 
means and a delivery, and relates to an 
ink-jet recording device of invention of 
the above 1st with a ZURI speed 
generating means (B) in a nozzle between 
a regurgitation means and a nozzle edge. 
[0015] According to this invention, 
stability can be made to be able to 
breathe out ink of 

comparison- hyperviscosity which can 
acquire good image grace, or/and refill 
time amount of ink into a nozzle can be 
shortened, and high-speed record can be 
performed. 

[0016] Hereafter, this invention is 
explained to details, referring to a 
drawing. 

[0017] Drawing 1 is explanatory drawing 
showing one example of an ink jet arm 
head of an ink jet recording device of the 
1st invention. On a substrate (5), 
electrode wiring which sends an electrical 
signal to a regurgitation means (l) is 
formed (un-illustrating), a nozzle septum 
(6) is arranged to this substrate (5), and a 
top plate (7) is joined. A liquid (it was 
open for free passage) room (4) connected 
at two or more nozzles (2) equipped with 
a regurgitation means (l) to form a 
bubble, by this, these nozzles, and a 
nozzle edge is formed. From a source of 
ink, ink goes into a liquid room (4) 



through a feed hopper (8) by which the 
opening was carried out to a top plate (7), 
and, subsequently is supplied to each 
nozzle (2). Supplied ink is breathed out 
from a delivery (3). 

[0018] Drawing 2 is a plan near the 
nozzle of an ink jet arm head shown in 
drawing 1 , and its cross section. Between 
a regurgitation means (l) and a delivery 
(3) (it expresses "between OH" below.), a 
nozzle (2) has a constriction configuration 
which the nozzle cross section reduced 
towards the direction of a delivery (3). 
That is, it is a drawing configuration by 
taper. On the other hand, between a 
regurgitation means (l) and a nozzle edge 
(it expresses "between EH" below.), the 
inside of a nozzle is a straight 
configuration. In addition, ZURI speed 
generating means <B) to explain later, 
such as the change section of the nozzle 
cross section, may be established near a 
nozzle edge (near connection of a nozzle 
and a liquid room (4)). a size of each part 
of a nozzle - delivery cross* section (So) 
=200- 1000micrometer2, nozzle 
(cross-section Sr) =200-3000micrometer2 
between EH(s), and distance [ between 
OH(s) ] (LOH) = ~ 10-200 micrometers 
Area of distance (LEH) 
=50-200micrometer between EH(s), 
Lo=0-60micrometer, 

Lf=10180micrometer, and a 

regurgitation means = what is necessary 
is just to choose 600 5000 micrometers of 
size relation in consideration of balance 
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of ****** also including the viscosity 
property of ink in the range of 2. 
[0019] In drawing 2 , in order to carry out 
the regurgitation, using as a drop ink 
which has thixotropy nature, suitable 
structure is adopted between OH(s). 
Namely, by establishing a constriction 
configuration (ZURI speed generating 
means (A)) which the nozzle cross section 
reduced in the direction of a delivery in a 
nozzle between a regurgitation means (l) 
and a delivery (3) (between OH) A bigger 
ZURI speed is generated between OH(s), 
passage resistance by the viscosity of ink 
between OH(s) is made smaller to 
passage resistance of ink between EH(s) 
by this, and energy efficiency for 
regurgitation of a drop is raised. 
[0020] As a ZURI speed generating 
means (A), a disturbance means of ink 
styles, such as a flow-resistance element 
and a mesh filter whose mesh 
configuration is not uniform, may be 
established instead of a constriction 
configuration (above-mentioned drawing 
2 ) which the nozzle cross section reduced 
in the direction of a delivery. Moreover, 
these disturbance means and a 
constriction configuration which the 
nozzle cross section reduced in the 
direction of a delivery may be used 
together. 

[0021] As a disturbance means of an ink 
style used instead of a constriction 
configuration which the nozzle cross 
section reduced in the direction of a 



delivery, a flow-resistance element is 
desirable. As this flow-resistance element, 
the same configuration as LC element, a 
configuration (JP, 60-204352, A) which 
prepared a member of a special 
configuration before a heater and/or in 
back are mentioned, for example. 
[0022] Other examples of a constriction 
configuration which the nozzle cross 
section reduced in the direction of a 
delivery are shown in drawing 3 . Since 
more rapid ZURI floating can be obtained 
if it is such a constriction configuration, it 
is suitable. 

[0023] As an installation location of a 
ZURI speed generating means (A), as 
shown in drawing 2 , installing near a 
delivery between OH(s) is desirable. 
[0024] In this invention, a ZURI speed 
generating means may establish a ZURI 
speed generating means (A) and a ZURI 
speed generating means (B) in a nozzle of 
both sides between OH(s) and between 
EH(s), respectively. An example which 
prepared the change section (a ZURI 
speed generating means (A) and ZURI 
speed generating means (B)) of the nozzle 
cross section in a nozzle of both sides 
between OH and between EH(s) at 
drawing 4 is shown. A ZURI speed 
generating means (A) is the same as that 
of the above-mentioned, and a ZURI 
speed generating means (B) is the 
constriction configuration which the 
nozzle cross section reduced in the 
direction of a nozzle edge. In this case, it 
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is desirable to set up more greatly than 
the rate of change r2 
(= 1 1-Sc/Sr I /(LEH-Lr)) of the nozzle cross 
section the . rate of change rl 
(=|l-So/Sf|/(LOH-Lf-Lo)) of the nozzle 
cross section between OH(s) (rl> r2). 
Since bigger ZURI floating than between 
EH occurs between OH(s) by this, a 
bigger rate is used among generated 
bubble ** for regurgitation of a drop. In 
addition, So, Sf, Sc, and Sr are the nozzle 
cross sections, respectively, and LOH and 
LEH are the length of a nozzle between a 
delivery and a heater and between a 
heater and a nozzle edge, respectively. In 
such structure, in case the refill of the ink 
is carried out into a nozzle after 
regurgitation of a drop, in near the nozzle 
edge in which a ZURI speed generating 
means (B) was formed (near the inlet 
connection of a nozzle and a liquid room), 
ZURI floating arises in ink. Consequently, 
viscosity of ink falls and a refill of ink is 
performed promptly. 

[0025] In addition, a ZURI speed 
generating means (B) may establish a 
disturbance means of ink styles, such as a 
flow-resistance element and a mesh filter 
whose mesh configuration is not uniform, 
instead of a constriction configuration 
which the nozzle cross section reduced in 
the direction of a nozzle edge. Moreover, 
these disturbance means and a 
constriction configuration which the 
nozzle cross section reduced in the 
direction of a nozzle edge may be used 



together. In addition, as a disturbance 
means of an ink style, a flow-resistance 
element is desirable. 

[0026] As an installation location of a 
ZURI speed generating means CB), as 
shown in drawing 4 , installing near a 
nozzle edge between EH(s) is desirable* 
[0027] In order to generate a suitable 
ZURI speed in a field in a nozzle to which 
it was restricted from a delivery (3) to a 
nozzle edge, it is necessary to choose a 
desirable configuration of a configuration 
in a nozzle in consideration of the 
following points, (i) Magnitude of energy 
imparted to ink by regurgitation means, 
thixotropy nature of a velocity 
distribution in ink drift velocity at the 
time of a refill at the time of regurgitation 
by said energy imparted, and a nozzle at 
the time of a refill at the time of 
regurgitation by said Gii) energy 
imparted, and (ii) (iv) ink (it 
approximates by the below-mentioned 
formula (I).). For example, what is 
necessary is just to choose rate of change 
of the nozzle cross section to a main flow 
direction of ink so that a suitable ZURI 
speed suitable for thought of this 
invention may occur as mentioned above. 
[0028] Regurgitation of ink is performed 
by pressure (it expresses "bubble **" 
below.) which a bubble formed by 
regurgitation means (l) gives to ink. In 
order to perform practical ink jet record 
according to examination of an artificer, 
as for a configuration in the 
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above -mentioned nozzle, it is desirable to 
set up so that a part where a pressure of 
the direction of a delivery of this bubble 
**, i.e., ZURI speed of ink by discharge 
pressure, becomes more than 500 (1-/8) 
may occur. It is more than 800 (l-/s) 
preferably, and is more than 1000 (17s) 
more preferably. 

[0029] As for setting out of a 
regurgitation means (l), it is desirable to 
set up so that a part where ZURI speed of 
ink becomes more than 500 (l-/s) in a 
configuration in the above-mentioned 
nozzle with a pressure (discharge 
pressure) of the direction of a delivery of 
bubble ** may occur. It is more than 800 
(l-/s) preferably, and is more than 1000 
(l-/s) more preferably. For example, it is 
desirable to set a discharge pressure as 
about 5 or more MPas by heat ink jet 
method (method using a heater as a 
regurgitation means). Bubble ** carries 
out a short-time (0.1-2s) operation 
extremely at inlc in a nozzle, and makes 
ink flow in the direction of a delivery, and 
the direction of a liquid room. At this time, 
with a practical ink jet arm head, the 
maximum ink rate of flow in a nozzle is a 
0.01 - 10.0 m/s degree or more than it, 
and a part where ZURI speed of ink 
becomes more than 500 (l-/s) generates it 
within a nozzle. 

[0030] As for grant time amount to ink of 
bubble ** it is desirable that it is a short 
time because of improvement in the 
speed of record, and stabilization. 



Especially in a heat ink jet method, it is 
desirable that it is a short time. 
Specifically, about 0.1-2s is suitable. 
[0031] What is necessary is just to set up 
a configuration and an actuation method 
of a regurgitation means suitably, in 
order to set up bubble ** as mentioned 
above. 

[0032] An electric thermal-conversion 
object (heater) of a regurgitation means 
(l) is desirable. 

[0033] Ink used for an ink jet recording 
device of this invention needs to have 
comparatively high viscosity in the 
condition that ink reached a record 
medium and ZURI speed fell. When ZURI 
speed is below 0.01 (l-/s), 15 or more 
mP-s is suitable, and, specifically, should 
just be 50 or more mPs more preferably 
20 or more mP s. 

[0034] Moreover, a non-Newtonian 
viscosity property and ink which 
specifically has thixotropy nature are 
used for an ink jet recording device of this 
invention. Namely, a power-law type: 
When the thixotropy nature of ink is 
approximated by eta=k x (ZURI speed) 
(n-l) (k is pseudoplasticity viscosity), 
ZURI speed uses ink in which a 
structural viscosity characteristic (a) is 
0.93 or less, and ZURI speed has 
thixotropy nature whose viscosity (eta) is 
10 or less mPa-s in 500 (l-/s) in the range 
of 10100 (l-/s). 

[0035] In this invention, ZURI speed can 
approximate the suitable thixotropy 
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nature of ink for ink jet record by power 
law formula of a formula CD in the range 
of 10-100 (17s) at least. 
[0036] In an ink jet recording device of 
this invention, in order to obtain a 
practical discharge condition of ink, in 
500 (17s), as for an ink property, ink 
viscosity (eta) needs to fall [ ZURI speed ] 
to 10 or less mPa-s. They are 5 or less 
mPa-s preferably. Moreover, in order to 
maintain grace of printing, an ink 
property that ZURI speed is [ a structural 
viscosity characteristic Co) ] 0.93 or less in 
the range of 10- 100 (l 7s) is [ in / in 
addition to the further above-mentioned 
conditions / a formula (I) ] required 
according to examination of this 
invention person. It is 0.80 or less more 
preferably 0.90 or less. In addition, rapid 
lowering of viscosity is realizable at the 
time of regurgitation, so that a structural 
viscosity characteristic (n) is small. 
[0037] In case a structural viscosity 
characteristic (n) of a formula G) is 
specified, limiting ZURI speed to the 
range of 10- 100 (l 7s) is based on the 
following reason. Namely, in the range 
below 10-2 (17s) or more than 105 (17s), 
as for suitable ink for this invention, it 
was found out that viscosity is fixed at a 
value which is respectively different 
substantially. For this reason, it is 
difficult to approximate all viscosity 
change in the range of 10 2- 105 (l /s) by 
the Q) formula, moreover, ink suitable on 
the other hand for this invention - 



system of coordinates of drawing 13 - the 
range of 1-1000 (17s) - almost - a linear 
- viscosity - decreasing - further -•" it 
was found out in 10- 100 (l /s) that it can 
approximate by formula 00. For this 
reason, the thixotropy nature of suitable 
ink for this invention can be specified by 
deciding a structural viscosity 
characteristic (n) of a formula (D in the 
range of 10- 100 (17s). 
[0038] An effect which a viscosity down of 
ink by thixotropy nature gives to 
regurgitation of a drop is explained using 
drawing 5 . When carrying out the 
regurgitation of the ink which has 
thixotropy nature, a bubble (9) occurs by 
actuation of a regurgitation means (l), 
and iTilt is breathed out by bubble ** at 
this time ( drawing 5 (a)). Ink which does 
not have thixotropy nature on the other 
hand (it has a newtonian viscosity, and 
when ZURI speed is remarkable and 
small, it has viscosity comparable as the 
aforementioned ink.) Since ****** of ink 
is large and that resistance does not fall, 
a minute bubble generated in connection 
with a bubble (9) stops in a nozzle, these 
bubbles coalesce in connection with a 
repeat of the regurgitation, a fixed bubble 
(10) is formed, and this fixed bubble 
absorbs bubble ** ( drawing 5 (b)). 
Consequently, stable regurgitation is no 
longer performed. In addition, a 
phenomenon of drawing 5 (b) is generated 
when an ink presentation consists for 
example, of a diethylene glycol, color 
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material (color), and water (ink R). 
[0039] As a material (thixotropy nature 
grant agent) which gives suitable 
structural viscosity to ink in this 
invention, water-soluble cellulosics, such 
as natural polysaccharide and its 
derivative, a tamarind, tamarind seed 
polysaccharide, guar gum, xanthan gum, 
JURANGAMU, sodium alginate, a 
bentonite, a silica particle, the amount 
polyacrylamide of macromolecules, the 
amount polyethylene glycol of 
macromolecules, and hydroxyethyl 
cellulose, etc. are mentioned, for example. 
Moreover, ink may be made to contain by 
making silicon resin etc. into a 
microemulsion condition. 
[0040] A presentation of ink of this 
invention consists of the 

above-mentioned thixotropy nature grant 
agent, color material, water, an addition 
assistant, etc. these presentation ratios - 
a thixotropy nature grant agent 
:0.01-2.0 % of the weight, 
color-material:0.3-10.0 % of the weight, 
and water solubility organic solvent: » 5 - 
50 % of the weight, water:50-95 % of the 
weight, and addition assistant^O.01-2.0 % 
of the weight are suitable. 
[0041] As a color used for ink of this 
invention, there are direct dye, acid dye, 
a food color, basic dye, reactive dye, vat 
dye, etc. These colors are used for ink of 
this invention on conditions which 
homogeneity was made to dissolve in 
data medium which makes water a 



subject. Also in these colors, in order to 
apply to ink for ink jet recording devices 
from the former, especially the acid dye, 
direct dye, and basic dye currently 
manufactured by high grade are 
desirable. As concrete matter Acid red 6, 
acid red 8, acid red 14, acid red 27, acid 
red 35, acid red 37, acid red 42, acid red 
52, acid red 73, acid red 89, acid red 97, 
acid red 154, The direct red 9, the direct 
red 31, the direct red 79, the direct red 80, 
the direct red 81, the direct red 225, the 
direct red 227, the acid yellow 23, the 
acid yellow 43, the direct yellow 12, The 
direct yellow 44, the acid blue 9, the acid 
blue 59, the acid violet 49, direct blue 6, 
the direct blue 86, the direct blue 199, the 
acid black 26, the direct black 32, direct 
black 38, The direct black 51, the direct 
black 74, the direct black 154, the direct 
black 168, the direct black 171, the direct 
black 19, the hood black 2, and hood black 
1 grade are mentioned. Two or more sorts 
may be mixed and used for these colors. 
In order to use for ink for ink jet 
recording devices in addition to these 
colors, of course, a newly compounded 
color is also applicable. 
[0042] As a carbon black pigment (C. 
I.PigmentBlack7) used for ink of this 
invention No.2300, No.900, MCF-88, 
No.33, No.40, No.45, No.52, MA7, MA8 
and MA100, No.2200B (the above is the 
Mitsubishi Kasei make), Raven700, 
Raven5750, Raven5250, Raven5000, 
Raven3500, Ravenl255 (the above is 
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made in Colombia), Regal400R, 
Regal330R, Regal660R, Mogul L, 
Monarch700, Monarch800, Monarch880, 
Monarch900, MonarchlOOO, 
MonarchllOO, Monarch 1300, 

Monarchl400 (the above is the Cabot 
make), Color Black FWl, ColorBlackFW2, 
Color Black FW2V, Color Black FW18, 
Color Black FW200, Color BlackSl50, 
Color Black S160, Color Black S170, 
Printex35, Printex U, Printex V, 
Printexl40U, Printexl40V, Special 
Black6 and Special BlackS, Special 
Black4A, Special Black4 (the above is the 
Degussa make), etc. are mentioned. As a 
pigment used for yellow ink C. LPigment 
Yellowl2, C.I.Pigment Yellowl3, 
C.I.Pigment Yellowl4, C.I.Pigment 
Yellowl6, C.I.Pigment Yellowl7, and 
C.I.Pigment Yellow73 and C.I.Pigment 
Yellow74 and C.I.Pigment Yellow75 and 
C.I.Pigment Yellow83 and C.I.Pigment 
Yellow 108, C.LPigment Yellowl09, 
C.I.Pigment YellowllO, C.I.Pigment 
Yellowl80, and C.I.PigmentYellowl82 
grade are mentioned. As a pigment used 
as Magenta ink, C.I.Pigment Red5, 
C.I.Pigment Red7, C.I.Pigment Redl2, 
C.LPigment Redll2, C.I.Pigment Redl22, 
C.I.Pigment Redl23, C.I.Pigment Redl68, 
C.I.Pigment Redl84, and C.I.Pigment 
Red202 grade are mentioned. As a 
pigment used as cyanogen ink, 
C.I.Pigment Bluel, C.I.Pigment Blue2, 
C.I.Pigment Blue3, C.I.Pigment Blue 15:3, 
C.LPigment Bluel6, C.I.Pigment Blue22, 



C.I.Pigment Blue60, CI. Vat Blue4, and 
C.I .Vat Blue60 grade are mentioned. 
When red, green, blue, and neutral colors 
above else are needed, it is desirable for it 
to be independent, or to mix the following 
pigments, and to use. As a pigment which 
is used in the above-mentioned case -C. 
LPigment Red209, C.LPigment Red224, 
C.LPigment Redl77, C.I.Pigment Redl94, 
C.I.Pigment Orange43, and C.I.Vat 
Violet3 and CJ.Pigment Violetl9, 
C.LPigment Green36, C.I.Pigment 
Green7, C.I.Pigment Violet23, 
C.I.Pigment Violet37, and C.LPigment 
Bluel5:6 grade is mentioned. 
[0043] As a water-soluble usable organic 
solvent, in ink of this invention As a 
solvent excellent in moistness, ethylene 
glycol, a diethylene glycol, Triethylene 
glycol, tripropylene glycol, a glycerol, 1, 2, 
4-butane triol, 1 and 2, 6-hexane triol, 1, 
2, 5pentanetriol, 1, 2butanediol, 
l,3 butanediol, l,4 butanediol, dimethyl 
sulfoxide, diacetone alcohol, Glycerol 
monoallyl ether, propylene glycol, a 
butylene glycol, A polyethylene glycol 300, 
thiodiglycol, a N-methyl-2-pyrrohdone, 
2-pyrrolidone, gamma-butyrolactone, 
1,3- dime thyl- 2 -imidazolidinone, 
Sulfolane, trimethylol propane, 
trimethylolethane, neopentyl glycol, 
Ethylene glycol monomethyl ether, 
ethylene glycol monoethyl ether, 
Ethylene glycol mono-isopropyl ether, 
ethylene glycol monoallyl ether, The 
diethylene -glycol monomethyl ether, 
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diethylene glycol monoethyl ether, The 
triethylene glycol monomethyl ether, the 
triethylene glycol monoethyl ether, 
Propylene-glycol-monomethyl-ether, 
dipropylene-glycol-monomethyl-ether, 
betadihydroSfflECHIRU urea, urea, 
acetonylacetone, pentaerythritol, 1, and 
4-cyclohexane diol etc. is mentioned. As a 
solvent excellent in permeability, 
moreover, hexylene glycol, the ethylene 
glycol monopropyl ether, Ethylene glycol 
monobutyl ether, the ethylene glycol 
mono-isobutyl ether, Ethylene glycol 
monophenyl ether, diethylene -glycol 
diethylether, The diethylene-glycol 
monobutyl ether, the diethylene-glycol 
mono- isobutyl ether, The triethylene 
glycol monobutyl ether, triethylene glycol 
wood ether, Triethylene glycol 
diethylether, tetraethylene glycol wood 
ether, Tetraethylene glycol diethylether, 
the propylene glycol monobutyl ether, 
Dipropylene glycol monomethyl ether, the 
dipropylene glycol monopropyl ether, The 
dipropylene glycol monobutyl ether, 
tripropyllene glycol monomethyl ether, 
Glycerol monoacetate, glycerol diacetate, 
triacetin, Ethylene glycol monomethyl 
ether acetate, diethylene-glycol 
monomethyl ether acetate, A 
cyclohexanol, 1, 2-cyclohexane diol, 
1-butanol, 3-methyl- 1,5-pentanediol, 
3-hexene -2, 5-diol, 2, 3-butanediol, 
1,5-pentanediol, 2, 4-pentanediol, 2, and 
5-hexandiol etc. is mentioned. 
[0044] As an addition assistant used for 



i nk of this invention, there are a 
surfactant, antiseptics, pH regulator, a 
defoaming agent, an antioxidant, etc. 
[0045] Next, ah ink jet recording device of 
the 2nd invention is explained. An ink-jet 
recording device of the 2nd invention is 
equipped with an oscillating means 
fluctuate the rate of flow of ink in a 
nozzle periodically near [ ranging from a 
source of ink to a nozzle ] the migration 
field of ink, and has a ZURI speed 
generating means (A) in a nozzle between 
a regurgitation means and a delivery, and 
is an ink- jet recording device of the 1st 
invention with a ZURI speed generating 
means 03) in a nozzle between a 
regurgitation means and a nozzle edge. 
[0046] One example of an ink jet arm 
head of an ink jet recording device of the 
2nd invention and an oscillating means is 
shown in drawing 6 and drawing 7 ■ In 
drawing 6 , an ink jet arm head is the 
same structure as what was shown in 
drawing 1 except for structure inside a 
nozzle, and installs an oscillating means 
(11) in a top plate (7) of the upper part of 
a liquid room (4). This oscillating means 
(11) joins an oscillating element (12) 
through a diaphragm (13). As for an 
installation location of an oscillating 
means (ll), in the 2nd invention, it is 
desirable to install in a top plate (7) of the 
upper part of a liquid room (4) of an ink 
jet arm head. A desirable installation 
location of an oscillating means is shown 
in drawing 7 . Thereby, ink passes 
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through a liquid room field of the lower 
part of an oscillating means (11), 
subsequently passes through a liquid 
room (4) and inlet connection with a 
nozzle (2), and advances into a nozzle. 
[0047] An oscillating means (11) has an 
electric machine conversion object or a 
desirable heater (it differs from a heater 
of a regurgitation means.). 
[0048] As an electric machine conversion 
object, piezo-electric elements, such as a 
laminating ceramic, etc. are mentioned, 
for example. 

[0049] Furthermore, the 2nd invention is 
equipped with at least one ZURI speed 
generating means (B) between a 
regurgitation means and a nozzle edge 
(between EH). It is desirable to establish 
between EH(s) a constriction 
configuration which the nozzle cross 
section reduced in the direction of a 
nozzle edge as a ZURI speed generating 
means (B). For example, as shown in 
drawing 4 mentioned above, it is 
desirable to prepare both sides between 
OH and between EH(s) the change 
section of the nozzle cross section. In this 
case, rate of change rl (it is necessary to 
set up =|l-So/Sf|/(LOHLf-L0) more 
greatly than the rate of change r2 
(= 1 1-Sc/Sr | /(LEH-Lr)) of the nozzle cross 
section (rl> r2)) of the nozzle cross 
section between OH(s) Since bigger ZURI 
floating than between EH occurs between 
OH(s) by this, a bigger rate than that of 
bubble ** is used for regurgitation of a 



drop. In addition, So, Sf, Sc, and Sr are 
the cross sections of a nozzle, respectively, 
and LOH and LEH are the length of a 
nozzle between a delivery and a heater 
and between a heater and a nozzle edge, 
respectively. 

[0050] A ZURI speed generating means 
OB) may establish a disturbance means of 
ink styles, such as a flow-resistance 
element and a mesh filter whose mesh 
configuration is nojfc uniform, instead of a 
constriction configuration which the 
nozzle cross section reduced in the 
direction of a nozzle edge. Moreover, 
these disturbance means and a 
constriction configuration which the 
nozzle cross section reduced in the 
direction of a nozzle edge may be used 
together. In addition, as a disturbance 
means of an ink style, a flow-resistance 
element is desirable. 

[0051] As an installation location of a 
ZURI speed generating means OB), as 
shown in drawing 4 , installing near a 
nozzle edge between EH(s) is desirable. 
[0052] In the above structure, in case the 
refill of the ink is carried out into a nozzle 
after regurgitation of a drop, in near the 
nozzle edge in which a ZURI speed 
generating means (B) was formed (near 
the inlet connection of a nozzle and a 
liquid room), ZURI floating arises in ink. 
Consequently, viscosity of ink falls and a 
refill of ink is performed promptly. 
[0053] Next, actuation of an ink jet 
recording device of the 2nd invention is 
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explained using drawing 8 and drawing 
a . Drawing 8 is explanatory drawing 
having shown a vibrational state of ink 
by ON/OFF actuation of an oscillating 
means. Drawing 9 is explanatory 
drawing having shown aging of the 
amount of meniscus back spaces of a 
delivery after drop regurgitation. Also in 
time-sharing actuation described later, it 
is applicable, although a case where two 
or more regurgitation means are 
simultaneously driven at intervals of 
vibration frequency fop is shown in order 
to simplify explanation. 
[0054] In drawing 8 , an oscillating 
means (11) is synchronized with timing 
(for example, fop=0.5kHz) of ON/OFF 
actuation of a regurgitation means (l) 
with a predetermined phase, and 
performs actuation control. When an 
oscillating means is an electric machine 
conversion object, an oscillating means 
sets up ink of the liquid interior of a room 
through a top plate (7) so that it may flow 
by sine wave mostly with a period of 
about 4kHz. 

[0055] If a driving signal is impressed to 
a regurgitation means (l), a drop will 
carry out the regurgitation. Then, if an 
oscillating means (ll) is driven to timing 
of drawing 8 , the heavy tone of the 
oscillation will be carried out by nozzle 
capillary force in the style of the other ink 
into a nozzle after regurgitation, and this 
ink style will turn into pulsating flow. 
Actuation of an oscillating means is 



performed repeatedly [ of a short pulse 
for 1-10 microseconds ], and an 
oscillation of ink as shown in ^rawing 8 
at the time of nonregurgitation (at the 
time of OFF of a regurgitation means) 
occurs. In addition, although an 
oscillating means is not driven 
simultaneously with impression 
(actuation of a regurgitation means) of a 
regurgitation signal in drawing £ , this is 
for avoiding effect on a drop configuration 
by meniscus oscillation at the time of 
drop formation. 

[0056] When not driving an oscillating 
means (ll), aging of the amount of 
meniscus back spaces of a delivery after 
drop regurgitation is carried out like 
^rawing 9 (a). When an oscillating means 
is made to drive as mentioned above on 
the other hand and an ink style at the 
time of a refill is made to ripple, as shown 
in drawing 9 (b), a refill in a short time 
becomes more possible. 
[0057] A generating mechanism of the 
above-mentioned effect that refill time 
amount is shortened can be explained as 
follows. Although ZURI floating occurs in 
ink in inlet connection of a liquid room 
and a nozzle at the time of a refill of ink, 
ZURI speed in this inlet connection 
increases farther by making a flow of ink 
ripple compulsorily at this time. 
Consequently, a viscosity down of ink by 
thixotropy nature is accelerated, ****** 
at the time of a refill decreases, and a 
refill is attained promptly. Moreover, 
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although it is possible that this viscosity 
lifting serves as a failure of a refill just 
before initiation of a refill when not 
establishing an oscillating means since 
an ink style stops and ink viscosity rises 
up to about 30 mPa-s locally, according to 
the oscillating means of this invention, 
ink viscosity can be reduced and a refill 
can be started compulsorily. 
[0058] As for setting out of an oscillating 
means, it is desirable to set up so that a 
part where ZURI speed of ink becomes 
ink more than with 500 (l /s) by giving an 
oscillation at the time of ink supply for a 
nozzle from a source of ink may be 
generated. It is more than 800 (l-/s) 
preferably, and is more than 1000 (l-/s) 
more preferably. As long as an oscillation 
given to ink fluctuates periodically the 
rate of flow of ink in the generating 
section of ZUK1 speed, it may be except a 
sine wave-like oscillation. Moreover, if 
timing of actuation of an oscillating 
means can disregard effect on a drop 
configuration by meniscus oscillation of a 
delivery accompanying actuation of an 
oscillating means, it may drive an 
oscillating means to actuation and 
coincidence of a regurgitation means, or 
may drive an oscillating means after the 
very short passage of time after actuation 
which is a regurgitation means. 
[0059] An example which divides two or 
more regurgitation means into 4 blocks, 
and performs time -sharing actuation is 
shown in drawing 10 . In order to give 



pulsation to ink also in block [ which ], it 
is desirable to make drive frequency (fl) 
of an oscillating means into fl>fopxNb 
(for Nb to be the block count). For 
formation of a still more stable drop, it is 
desirable to fill the following formula GI) 
in order to arrange regurgitation of a 
drop and a phase of pulsation also in 
block [which]. 
[0060] fl=ixfopxNb (ID 
Nb is the block count and i is two or more 
integers. 

[0061] When ****** of a supply way from 
a source of ink (14) to an ink jet arm head 
is small, an installation location of an 
oscillating means (11) may install an 
oscillating means (11) in a source of ink 
(14) on the supply way, when attenuation 
of an ink oscillation is small. For example, 
as shown in drawing 11 , when an ink 
tank (source of ink (14)) is soon connected 
with an ink jet arm head, a 
miniaturization and miniaturization of 
equipment are attained by forming an 
oscillating means (11) in an ink tank 
(source of ink (14)). 

[0062] Moreover, an oscillating means 
may be established near each nozzle as 
other installation locations of an 
oscillating means, respectively. For 
example, in drawing 12 , one heater as an 
oscillating means is arranged near 
[ each ] the inlet connection of each nozzle 
and a liquid room, respectively. At this 
time, a heater as an oscillating means 
may not be the structure of being equal to 
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high-speed actuation that what is 
necessary is just to perform actuation of 
one oscillating means corresponding to 
supply of ink to one nozzle. In addition, 
with structure like drawing 12 , Nb of a 
formula (II) should just be taken as the 
number of actuation blocks on which one 
oscillating means should act pulsation. 
[0063] 

[Example] Hereafter, although an 
example explains this invention further, 
this invention is not limited to these. 
[0064] As shown in example 1 drawing 2 , 
the structure in a nozzle was formed, and 
the heat ink jet arm head shown by 
drawing 1 was produced, using a heater 
as an oscillating means (l). That is, 
between the heater as a regurgitation 
means (l), and a delivery (3) (between 
OH), a nozzle has the constriction 
configuration which the nozzle cross 
section reduced towards the direction of a 
delivery. That is, it is a drawing 
configuration by the taper. On the other 
hand, between a regurgitation means (l) 
and a nozzle edge (between EH), the 
inside of a nozzle (2) is a straight 
configuration. Length (LOH) 

=80micrometer between cross- section 
(So) =400micrometer2 whose size of each 
part is a delivery, nozzle (cross- section Sr) 
=2000micrometer2 between EH(s), and 
OH, length (LEH) =150micrometer 
between EH(s), Lo=12, Lf=60, area of a 
heater = 3700 micrometers was set to 2. 
[0065] The ink used by this example was 



considered as the following presentation 

as ink A. 

[0066] 

Ink A'KELZAN T The 0.03 sections 
(Sanyo Chemical Industries xanthan 
gum) 

Direct blue 199 2.8 Section Diethylene 
glycol 22.1 Section Water 75.1 The 
non-Newton property (thixotropy nature) 
of section ink A is shown in drawing 13 . 
When ZURI floating is small enough, the 
viscosity of Ink A is about 30 mPa*s. On 
the other hand, when ZURI floating of 
1000-10000 (l-/s) is given, the viscosity is 
about two to 3 mPa-s. Such thixotropy 
nature can be approximated by the 
formula (I). In drawing 13 , the n value of 
a formula CD was 0.67 in the range of 
ZURI speed (10-1000 (l /s)) in which 
viscosity changes suddenly. 
[0067] in addition, drawing 13 -- setting - 
ZURI speed - the range below 0.1 (l-/s) 
or more than 10000 (l-/s) - the 
inclination of the viscosity characteristic 
curve of Ink A - loose -- namely, a 
structural viscosity characteristic (n) - 
1.0 - near becoming - the 

characteristic (n) of 10-1000 (17s) - size - 
it is a **** thing value. Since the point of 
this invention is using the property ink 
viscosity's falling substantially, to the 
increment in ZURI speed, it is important 
for limiting to what has the viscosity 
property that the inclination becomes 
large notably to buildup of ZURI speed 
about the ink to apply like the viscosity 
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characteristic curve of drawing 13 . 
[0068] The heater was set up so that the 
discharge pressure by bubble ** might be 
set to 5 or more MPas. In this example, 
since the drop of about 40 pl(s) (pico liter) 
breathed out at the flight speed of 8 m/s 
to every 500 (microsecond), in the [ the 
medial axis of a nozzle, and near / each / 
the nozzle wall ] field, it was guessed at 
estimate that the ZURI speed of the ink 
produced in a nozzle in the case of drop 
formation and a refill was the about 1000 
(l-/s) above. Therefore, it is falling from 
drawing 13 to that the viscosity of Ink A 
is equivalent to the viscosity 2 of the ink 
usually used * 5 mPa s, or less than [ it ], 
and stability, prompt drop formation, and 
a refill are possible. Consequently, stable 
high- speed printing was possible and 
printing was highly defined. 
[0069] It recorded by producing an ink jet 
recording device like an example 1 except 
having replaced example 2 ink A with the 
ink B which has the following 
presentations. As a result, the same effect 
as an example 1 was acquired. 
[0070] 

Ink B: Aerosil 300 2 Section (silica 
particle made from Japanese Aerosil) 
Direct yellow 86 The 2.5 sections 
Ethylene glycol 20 Section Water 76 It 
recorded by producing an ink jet 
recording device like an example 1 except 
having replaced section example 3 ink A 
with the ink C which has the following 
presentations. As a result, the same effect 



as an example 1 was acquired. 
[0071] 

Ink C : A bentonite The 1.5 sections The 
direct black 17 The 2.3 sections N methyl 
pyrrolidone 15 Section Ethylene glycol 15 
Section Water As shown in 66.2 section 
examples 4 drawing 4 , the structure in a 
nozzle was formed, and the heat ink jet 
arm head shown by drawing I was 
produced, using a heater as an oscillating 
means (l). That is, the change section of 
the nozzle cross section was prepared for 
the both sides between OH and between 
EH(s). In this case, the rate of change rl 
(=|l-So/Sf|/(LOH-Lf-Lo)) of the nozzle 
cross section between OH (s) was set up 
more greatly than the rate of change r2 
(= 1 1-Sc/Sr | /(LEH-Lr)) of the nozzle cross 
section. In addition, So, Sf, Sc, and Sr are 
the cross sections of a nozzle, respectively, 
and were set to So=360micrometer2, 
Sf=1600micrometer2, 
Sr=1600micrometer2, and 
Sc=500micrometer2, respectively. 
Moreover, LOH and LEH are the length 
of the nozzle between a delivery and a 
heater and between a heater and a nozzle 
edge, respectively, and could be 
LOH=40micrometer and 
LEH=50micrometer, respectively. As 
other length, they could be 
Lo= lOmicrometer, Lf=15micrometer, and 
Lr=20micrometer. The configuration of a 
heater presupposed that it is the same as 
that of an example 1, and 2400 
micrometers of heater area were set to 2. 
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[0072] The oscillating means (11) was 
installed in the above-mentioned ink jet 
arm head, as shown in drawing 6 and 
drawing 7 . This oscillating means (11) 
joins an oscillating element (12) through 
a diaphragm (13). The installation 
location of this oscillating means (11) was 
joined to the top plate (7) of the liquid 
room upper part of an ink jet arm head. 
At this time, ink passes through the 
liquid room field of the lower part of an 
oscillating means (ll), subsequently 
passes through a liquid room (4) and inlet 
connection with a nozzle (2), and 
advances into a nozzle. 
[0073] The electric machine conversion 
object was used as an oscillating means 

(id. 

[0074] The ink A which has thixotropy 
nature was used as record liquid. 
[0075] Actuation of the ink jet recording 
device of this example was performed as 
shown in drawing 8 and drawing 9 . 
Drawing 8 is explanatory drawing having 
shown the vibrational state of the ink by 
ON/OFF actuation of an oscillating 
means. The case where two or more 
regurgitation means are simultaneously 
driven at intervals of vibration frequency 
fop is shown. Drawing 9 is explanatory 
drawing having shown aging of the 
amount of meniscus back spaces of the 
delivery after the drop regurgitation. 
[0076] The oscillating means (ll) was 
synchronized with the timing 
(fop=0.5kHz) of ON/OFF actuation of the 



heater which is a regurgitation means (l) 
with the predetermined phase, and 
performed actuation control ( drawing 8 ). 
Through the top plate (7), the oscillating 
means (ll) set up the ink of the liquid 
interior of a room so that it might flow by 
the sine wave mostly with the period of 
about 4kHz ( drawing 8 ). 
[0077] If a driving signal is impressed to 
a regurgitation means (l), a drop will 
carry out the regurgitation. Then, if an 
oscillating means (ll) is driven to the 
timing of drawing 8 , the heavy tone of 
the oscillation will be carried out by 
nozzle capillary force in the style of the 
other ink into a nozzle after the 
regurgitation, and this ink style will turn 
into pulsating flow. Actuation of an 
oscillating means was performed 
repeatedly [ of the short pulse for 1 ■" 10 
microseconds ], and the oscillation of ink 
as shown in drawing 8 at the time of the 
non-regurgitation (at the time of OFF of a 
regurgitation means) occurred. 
[0078] When not driving an oscillating 
means (ll), aging of the amount of 
meniscus back spaces of the delivery after 
the drop regurgitation was carried out 
like drawing 9 (a). When an oscillating 
means was made to drive as mentioned 
above on the other hand and the ink style 
at the time of a refill was made to ripple, 
as shown in drawing 9 (b), the refill in a 
short time became more possible. The 
refill time amount at the time of driving 
an oscillating means was about 1.3 -' 
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1.5ms, and the refill time amount when 
not driving an oscillating means was 
about 1.8 : 1.9ms. High speed printing 
stabilized by this was attained, and 
printing was highly defined. 
[0079] Further two or more regurgitation 
means were divided into 4 blocks using 
the equipment of this example, and 
time -sharing actuation was performed. 
The explanatory drawing is shown in 
drawing 10 . In order to give pulsation to 
ink also in block [ which ], the drive 
frequency (fl) of an oscillating means was 
set up so that fl>fopxNb (Nb is the block 
count) might be suited. Furthermore, fl 
was set up so that a formula Ql) might be 
filled in order to arrange the 
regurgitation of a drop, and the phase of 
pulsation also in block [ which 1. Stable 
high-speed printing was possible like the 
aforementioned case, and printing was 
highly defined. 
[00801 

[Effect of the Invention] The 1st ink jet 
recording device of this invention has low 
viscosity to the degree to which the 
regurgitation is easily performed at the 
time of drop formation, after a drop 
reaches the target in the record paper, 
the viscosity property of ink with high 
viscosity is acquired by the degree which 
floating of bleeding or the ink which is 
not desirable does not produce, and the 
high record of printing grace is attained. 
[0081] The 2nd ink jet recording device of 
this invention is giving pulsation to ink 



at the time of the ink supply for a nozzle 
from the source of ink, reduces the 
average viscosity under floating of ink by 
thixotropy nature, and can reduce ****** 
of a supply system. The time amount 
which the refill of the ink into a nozzle 
takes to this is shortened, and more 
nearly high-speed record is attained. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is explanatory drawing 
having shown one example of the ink jet 
arm head of the ink jet recording device 
of this invention. 

[Drawing 21 Drawing (a) is a plan near 
the nozzle of the ink jet arm head shown 
in drawing 1 (except for a top plate (7)), 
and drawing (b) is an A-A line cross 
section of drawing (a). 
[Drawing 31 Drawing (a) is a plan (except 
for a top plate (7)) having shown the 
nozzle dimensions of the ink jet recording 
device of this invention, and drawing (b) 
is an A-A line cross section of drawing (a). 
[Drawing 4l Drawing (a) is a plan (except 
for a top plate (7)) having shown the 
nozzle dimensions of the ink jet recording 
device of this invention, and drawing (b) 
is an A-A line cross section of drawing (a). 
[Drawing 51 It is explanatory drawing 
having shown the effect which the 
viscosity down of the ink by thixotropy 
nature gives to the regurgitation of a drop. 
[Drawing 6l It is explanatory drawing 
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having shown one example of the ink jet 
arm head of the ink jet recording device 
of the 2nd invention, and an oscillating 
means. 

[Drawing 71 In the ink jet recording 
device of the 2nd invention, it is the A-A 
line cross section of drawing 6 having 
shown the desirable installation location 
of an oscillating means (11). . 
drawing 81 In the ink jet recording 
device of the 2nd invention, it is 
explanatory drawing having shown the 
vibrational state of the ink by ON/OFF 
actuation of an oscillating means. 
[Drawin g 91 In the ink jet recording 
device of the 2nd invention, it is 
explanatory drawing having shown aging 
of the amount of meniscus back spaces of 
the delivery after the drop regurgitation. 
[Drawing 101 In the ink jet recording 
device of the 2nd invention, it is 
explanatory drawing having shown the 
example which divides two or more 
regurgitation means into 4 blocks, and 
performs time-sharing actuation. 
fDrawing 111 It is explanatory drawing in 
which the ink jet arm head and the 
source of ink were soon connected, and 
the oscillating means was installed in the 
source of ink and in which having shown 
the ink jet recording device of the 2nd 
invention. 

[Drawing 121 In the ink jet recording 
device of the 2nd invention, it is 
explanatory drawing having shown the 
configuration near [ which has arranged 



one oscillating means near / each / the 
inlet connection of each nozzle and a 
liquid room, respectively 1 a nozzle. 
mrflwing 131 It is explanatory drawing 
having shown the viscosity property of 
the ink used in the example of this 
invention. 

[Description of Notationsl 

1 Regurgitation Means 

2 Nozzle 

3 Delivery 

4 Liquid Room 

5 Substrate 

6 Nozzle Septum 

7 Top Plate 

8 Feed Hopper 

9 Bubble 

10 Fixed Bubble 

11 Oscillating Means 

12 Oscillating Element 

13 Diaphragm 

14 Source of Ink 
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yfflt»4¥B (A) J.oeta*«iyX/i^B 
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fcSMMl 0B«*>>f v^S?** hESSlfio 
[AMI 3] ttHJfWt-^t?*5ll*«l-l 
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[000 1] 
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/Kj:«Mi Ur/XA/*»bttaL"CX*, ; H*«<01B» 
*tTft5M«-efcO, ##teMMttM*<0B***o«* 

/J^^»«S^*UTV^e (^flS6 1-5 9 9 1 1^ 

«) o 

[0003] -r^^^zn^ hESgnaewii, >r 

^oa»^(E3B©a«*r*#< LT*»B»IB*r«'< i" 

-5ctas%^e>tt^as, i©**nsb*9ff4u<tt 
[0004] *c-c\ 3t*^rarifc6SSfiv>as, 
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ga 1 660R. Mogul L. Mona r ch70 
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owl09. C. I. Pigment Yel lowl 
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10. C. I. Pigment Ye 1 1 owl 8 0. 
C. I. PigmentYel lowl8 2*£&mfb 

C. I. Pigment R e d 5 . C. I. Pigm 
ent R e d 7 . C. I. Pigment Redl 
2. C. I. Pigment Redll2.C. I. 
Pigment Redl22. C. I. Pigmen 
t Redl23. C. I. Pigment Redl6 
8. C. I. Pigment Redl84. C. I. 
10 Pigment Red202 %tfrm? btlZ* */Tls 

^>-* kLx&.m£*izmnki,xn y c. i . pr g 

ment Bluel. C. I. Pigment Blu 
e 2. C. I. Pigment B 1 u e 3. C. I. 
Pigment Bluel5:3. C. I. Pigm 
ent Bluel6.C. I. Pigment Blu 
e 2 2. C. I. Pigment B 1 u e 6 0. C. 
I. Vat Blue4. C. I. Vat B l.u e 6 0 

*ffl&fc&mk ztizw&w^ vjLTomn&mk 
20 xxnfe&^xm\<^z>zki)W& lv\ ±m<om^m 

\t^tlZ>m&k LTte. C. I. Pigment Re 
d209. C. I. Pigment R e d 2 2 4. 
C. I. Pigment Red 177. C. I. Pi 
gment Redl94. C. I. Pigment O 
range43. C. I. Vat Violet3. 
C. I. Pigment Violetl9. C. I. 
Pigment Green36. C. I. Pigme 
nt Green7. C. I. Pigment Viol 
et23. C. I. Pigment Violet3 
30 7. C. I. Pigment Blue 1 5 : 

[0043] *imte&&&m&m 

=— A\ is^Ulsjnj =»— hl^xf uy^ijn- 
A\ h V tf U>^y =i— ,k ^])±V^, 1, 2, 

A-zff^YV*— >K I, 2, 6 ^>b])^— 

/K 1. 2 f 5 ^>hyt-;K 1, 2-7*ls 

i?*—^ 1, 3 — >is$-—/U^ 1, 
*— /K" is*^/l'X/l'7fraci/h\ #-iT1z h^7/V3- 
40 >k ^ytyy^y7!i/vx-f;K ^Dti/^yj 

0 0. ft^Jia- /K N-y ^vl/-2-h?P y K 
>. 2-fnyKv. v-/fD^h^ 1, 3-v* 
y 2 ->f ^ *V ]) is; ^ N ^/l/7t7^ My 

/v>/ y =i — ju % u y =1 — ywe y y fvi/:n— 7- 
-yi^y T ^y^-^/K -^^uv^y 3-/1^ y y 

50 ^vl/cn— x/K ixai^u^>/y n— /p^-yai^pai— ^ 
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yK h yxf i/y^ij 3 — ywey y^ywoi— yvK 

y =3— yi/^y ^^yu^i— tvk tru^^y 3— yi^ 
=ZJ t^/ViL— tvk s-^t Kovxf/v^r, £ 
ut\ r-tr h3.ywir h>\ -o^y^y h— yK 

1, n^arf-^^^-^^^^^tt^o & 

>^y 3 — yi^e/ ^f yum— tvk uyyya- yv 
^ey-f yv-^— 7vv\ i/>>/y=i-^y7x 

u^y n-y^y-fy^x-r/K hy^f 
^y =i— jv=e; X^vv^i— tvK y y 3 — 

yV^p* zf-jVzL. — ifvK h ycn^UV^y 3— yUv^oi^yV 
a:— 7VK 7- h yzL^lsl/tr}) n— y^v?^^yV3i— 7 
yK f h7xf uy^y 3~;i/v?xf/wx-r/K 7& 
trwv^y a— yv^E-y Xf ;ux- ?vK ^o^i/y/ 
y =i— ywe/ y ^yi/3i— tvK -^nf uy^y 
^yT'p^x-r/K ^p^U^JJa-^/^ 
^vl^m— xyK hy^ntfU^^y 3— yW^e/y^yPJi 

-tvk ^ytyyt;m-K ^ytyym 
k ^y -ty > h y r-trx- k xfuyfy 3— 

yK 1,. 2-^n^fyi/t->'K 1-X*y— 
yK 3-^ f yV- 1 , 5 — Oflsitit— yK 3-^3r 
ir>- 2 f 5-i^— yK 2, yK 

1, 5 ;v*Vv?3f-— yK 2, 

yK 2. 5 -^^i^-yi^tf^f «b^^o 
[0 0 4 4] 1£WPi<F>4 >-^^«V^^SSSlHI«l#Jfc L 

tw\ usee*!, b&jb#k phsbssk ffiffimtik »ft 

[004 5] W:, |R2cD«W<B>f V*S*~2/>EftSS 
Etcot^lfeMi-6c «2oaSM^)>f hie® 

Xyjfc»»ft*« (A) $:tU J.onttti^ai:/Xyix 
WiOBoy XyvrtKXyffl£3§£^& (B) .4r*TLfc 

[0 0 4 6] 13 6 7 Id. m2(D$&W<D4 i?= 

y hlM«*H«>-f h^y K*5<tt/SK)¥©^ 

X/i/rtfl$<B«»Sr|* & H 1 iZqcL&fcO* ra«0«fJS-C 

$1 (4) (0±&<DX& (7) (1 
1) &WLW1-Z>o Z(OM®^& (11) ttu SibSi^ 
(1 2) $rSQb« (1 3) ZftLX&'S-rZo m2<D& 

^ir^x, mm^m (id ^r^^ 

h^* K<Dj£g (4) O-hSKTC^E (7) IdffiE-f 
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4r^i- 0 £*tfcj:!)-f v*tt* SQb^a (11) 

U (4) ^>/XyV (2) 

[0 0 4 7] Slb^S (11)^ 

itk-^ (ptm^©^fc-^i:s^5p ) #a*i*v\ 

[00 4 8] i: tt«, «B-fc 

[0049] zb\z.m2<D&mns vtm^WLtsx^m 
10 £oPi8 (ehW lcM<^t)io(oXyi|g%4fS 
(B) £<ffl*-£o XySgM¥S (B) ^:tm E 

*HW*£fc#S*LV\ #J;ttfi!1}&Lfcia4ir^1-J: 

SlOWWr 1 (= I 1 — So/Sf I / (L0H— Lf~ 
LO) S:/X/V»r®a^»Wr 2 (= | 1-Sc/Sr 
1/ (LEH-Lr) ) J:?>*ft<K*+6*W^*« 
(rl>r2) 0 ^H«cJ:!J. OHHI-fiEHPfl J: B it 
20 *t*Xy««idS3Bffe-*-5fcae). ^A^ffioJ:9*#* 

f, Sc^^^Srli^rtt-eny XyWO^r®ffi"Cfc t) , L0 
H*3 <fc L EHtt'-t ix-PttttUJ P 1 1 - ^ <D W*5 J: t/ k 

[0050] xyje«*^*a (b) sx^mwm 

^ -ft Sffto^a^©«rK:ftT t J: v \ ^ it, 

[0 0 5 1] xy*OMM« (B) ^Ittfttt 
tt % ®4tC^i-<fcp(w. EH^^*3V>Xt>/XyV«f+jfi 

[0 0 5 2] JW±^itl-*5V>T, &m<D0km&\Z>( V 
^^/Xywrti-y 7^yP$ix5^tc«. xy^s^# 
S (B) ^g»*t6>itfcyX^iBftjfi (yXyPtig^tcD 

[0 0 5 3] 9:lC N m2<D&W<D'(ls* V^y h^3S 

[0 0 5 4] US 8 |c*5^Tffi8b*S (11) tt, Pttti^ 
50 S (1) ^ON/OFF^9b«0^>f ^ (tf5Jx_tffop 
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=0 . 5kHz) \zm&<om-vm&*rcmM** 

3c* (7) fc^L-C«Hart»-f «^«^4kH 
10 0 5 5] lUBfl (1) 

«**s*fcart-6. «»*« (id *B8^ 

■jfoWWWli:**. WftW>«»*i~ 10 '»- s « >te 

loose] ss^iitam^etmpw^^^*^' 6 * 

» (ID *«»U4V^ttH9 (a) © 

■iisglWflstfi. ±«»J: 5 

9 (b ) caH"J:5«!:» iDWWecy***'* 11 ** 
[o o°5 7] y ^-rA^H^Wti-S-fc****®** 

^jg^t > xfrk<»im&x\-±4 

t ir j: o -c c ©wwrco* y a«« v 5 * e *' r 

-fs^JMMfJhU *s/**M*JMBttW9aomP» 
5feS±#* s /V©K*S kWwk Ml**** 
Wiry 7-f/v*:BB*fti"SCi:^T?*S. 

[00 58] * y x/v- 

.tptc:Ki£i--6Ci:ii 5 M*Uv% »*U<tt8 0 0 (1 
/■) BLfCfcO. i?84Ulii0O0 (l/s) 

tf, E^:^^ro®«iei^-c- fo o x >t> i v *fcMtb¥S 
p © * = xMUs J: 8 

*fcttifctt*«»»^*fc»** v * W|w,S3B * 

[0 0 5 9] **©Btm*8k*r4^oy^K»lt-Cft» 
>fy?A:KELZAN T 
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vvtt>-f v^i^«)^#*i-8fc»ictt, SHAKOS* 

gbfti&K (f 1) £l>fo P XNh (Nbtt^ny* 
IS) ti-2.CtJl s M*UVS Sfefc5fc£fc«*«>*'* ro 

iott«W%x.51»^5t (I I) ^fci-wt 
[0060] fi=ixfo P xNb (in 

[006 1] «ft^& (ID -f 

(1 4) i&,4isirV=y V*»v K*-C»«*1*«>W* 

o^#'h3vM§*fcl*s aom (id 
(14) iyR«U-ct>.fcv\ #1x1101 ilc*-t-J;5l- 

4) ) vrnxz.****.***^ (n)^ 

MJf« (14) ) KfKtSCfc-Cimo 
[0 0 6 2] jgft^&offiloiKIWfciai: b_c ^ ® 
1 2 |=*»*-Ctt. *V oWttW* 
-cv*6. ceofc£ lioWtelif*' H@©/x 

4*131 2© J: 5 * (I i) ONbtt. -1 

jxri*v\ 

[006 3] 

[£*0U E1T, 9 
[0 0 6 4] 3IJ!£«1 

(i) tu-ct-^*fflv\ laiT-^^nsfsaw^^^ 
s ^-yK*ff«u. -r**^ etw^e (i) t 

Uxrot-^iretffiP (3) t<»Wl (OHF5) "Ctt, ^ 

otW^© (1) t^X/wffitoEl (EHB) -C* 
tt. yX/v (2) rttt^>U-h«HM*-C«)-6. *»«> 
BtWPO»rSa (So) =4 0 0am 2 , EHB 
A/^IRSi (Sr) =2 0 0 0Mm 2 , OHlfflO*^ 
(LOH) =80^. EH0©JI$ (LEH) =150(i 
Lo=12, Lf=6 0, t-?Oi«=3 700» 

[0065] *mmx*mw*9K> 4>*Atv 

[00 6 6] 

0. 0 3S5 
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40 
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*W h^/V— 19 9 

tK 

mc^to -f^Att. xyss^*s+#u:/J>£i^ 

-g\ ^ttgtefa 3 0 m P a • s — 10 0 

0-1 00 0 0 (1/s) <oX]) «nB>4rf**Lfc»£\ 
^<W|*g|l#*j2— 3mP a • s-e&5 0 r<£>J;5/£^* 

yhutf-tttt^: (i) -cifiia-c&a. Hi3t:::fc^ 
T, WMtsxysgoai (10-1000 io 

(l/s) ) (I) ©nt«0, 67Tfco 

[0 0 6 7] fc*5Bl 3(C^V>T. XySS^O. 1 

(i/s) ar^fciiioooo (i/s) «±*>«bb 

■*-/^i«3gttff»» (n) OlriE<*!K 10 

-1 00 0 (1/s) T?tf>|§» (n) £Q*Zte<Dmt 

mm-fZ'O?*. Ell 3 C03f*g#ffi^j6J(7) 20 

«t 5 KXy^ffi LT-t<04gE^»*J-*# < 

<< is 2 B : 7xu^l/3 0 0 

( 0*Tqi P £?A«4>3/ y 
^ hW^a— 8 6 

7K 

H«60J3 

IQMl ^ttiat^^^xs^ hCMK*trfl4H *30 [0 0 7 1] 

^ Y-f^yt 1 7 
N-^^vVtfn y K>- 
m^-u:/^y a — fV 

(i) Rtt- *%m\<\ Hi-e»**t6*i>f 

3R^^yX/H»B««)8C{k«S:K»tfc. £*>»£\ OH 40 
K<D/ X^Wrffiffl^^t* rl (= | 1 - So/Sf I / 

(LOH-Lf-Lo) ) S:/X^»rSffi<0^b^r 2 (= 

| 1-Sc/Sr|/ (LEH-Lr) ) <fc9*t<©:£L 
fc 0 /«Cib\ So, Sf, Sc^tfSrtt^ft^ft/X/WO 
©Tffiffi-CfcO, ^fnSo=3 6 0/zm 2 , Sf=16 
0 0 Mm 2 . Sr=1 6 00/im 2 , Sc=5 00/im 2 i 
b/c 0 L0H$3«tt/LEH«^n-eiXP±aiPt t— * 

£ tf> R) *5 J: 15 fc - 9 t J X /wig t <D m (O J X) vcn g £ T? 
thr). «tiVPiXL0H=4 0 /im. LEH=50/im£L 
fco -t^ftfeO^^i: LT, Lo=10^m, Lf=15*i 50 
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2. 
2 2. 
7 5. 



[00 6 8] ^^/Vfl£|cJ:^Pl:WJE^5MP 
a«±JC1^5ctplwS:^b3t 0 *M6«-Ctt, 500 

(ms) r^i:«4 0pi (^y^h/v) <m&m*8 

J Xfrtn^XMRXtS X/vrtgo*;h^ftOiS«£|&< 
®Sc»c:*5V>rm»"e^l 0 00 (1/s) £JLt£if$J;* 
ixfc. b^^oxEli 3^f)^y^A^Sli> a«« 

ffi$HTV^M^^S2-5mP a • s 
[006 9] H*£#J 2 

[0 0 7 0] 



2. 5& 
2 0 giJ 

7 6 as 



1. 5gfl 

2. 3SB 
15 SB 

15 a* 

6 6. 2g& 

nu Lr=2 0/xmi:Uco fc-*<0*<*»i*lfc« 1 
k-^iatt24 00itm 2 afCo 

[0072] ±iao-r ^ h^5/ KiwSB^a 
(ii) $r06*5<tt/I2|7^i-j:5iwi9:mLfc o 

(1 1) (1 2) ^rSSb« (l 

3) Sr^LTS^r-So Z<Dm®^& (11) Oi9!@{& 

en, >r ^^xy h-^y Koffi^±6fPo^« (7) iw 
^u^o zot^^i >*n. tm^st (i i) orsfP 

<OJSa«««raj8 »CV>-C^ (4) <byX/W (2) 

[oo7 3] mm^m (1 d tLxit. 
[0074] fssmtLxn. f*yhpif-ttttt 

[00 7 5] *HffiW^)^ i^o: hfE&^HOlga 
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fcRWB"?**. *»cottm*jaSr«««fopcoBI«-C 

[0 0 7 6] fittfS-d 1) (1) 
5 t-^OON/OF FBt^-f 5 (fop— 0. 

5kHz) \z.m^<o{m xw\m £ ^txmmm *n<>it 

(B8) o «tt#^ (1 1) (7) ^US 

^rt<7M >^ 4kHz ojaJB-ciai* jES»"e«tih"*" 
6<t5l-^U^i (08) o 

[0077] Btm*» (i) \zwnbK9#fQto£*i>&k 
mm&tkair*. mm^m (n) 

[007 8] «*etffl«oetapoy=^*^*ift» 
tt. iSBj^JS (ll) *:MbLfcvMMliB9 (a) <r> 

9 (b) l^tipl^ i9ffl«IIW!l7^Wi 

*$J;*:1. 3 — 1. 5m.s-CfcDs MK)¥&£i&lb 

I *3J;*:1. 8 — 1. 9mst 

[0 0 7 9] *seft«o3SB*rflSv^-cSe>«2is ^a^ct 
.ffl#«*:4^o y^|c»rt"C*jMWB»*:ffofc. Ell 

v*K««tt*##+*fc«>* «tt^«<0B»««« (f 
1) fl>fopXNb (Nbte^ci $/;?&) Jwjf-g-f-^) 

[0 0 8 0] 

^igvM ^tt«#tt^#6tt. W*p p p##i©i^fS& 

[0081] *«w©i2o>f^^s' hiasise 
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[BB©«*ft»Wl 

[0 1 ] v hlB»3£fitfM v*^ 

[B2] B (a) UIH1 Iw^Lfc-f S^S^y K 
©/Xyi4tiE<o¥BB (7) £&<) XfctK B 

(b) us (a) (DA-Ammmm-e&Zo 

ims] b (a) hiE^e^) 

10 y X/WBttSr»Ufc¥ffiB 0c« (7 ) SrBfcO Xfc 
9, B (b) ttB (a) <DA-Ai&wimmx~&>z> 9 ' 

[B4] B (a) te#$8W?M ls*i?=-y hlSS^S^ 
;X;HgttWlt¥ia (^« (7) &i&<) X& 
0 % 'B (b) l*B (a) j2A-A»Srffl0Tfc5, 

IB 5 ] y h d if— ttfc: j: *-ir ^ ottSieT^a 

[B6] "ffi2<D»W<&>f ^i*** MBft3SB*>>f ^ 
i?=y h^y Ka3J:tWfb^«wi«**Ufc»WBt* 

20 [07] ^2(£>3§0Jltf>^ ls?i?*y hlB^S«-*5V^ 
X, Slb^a (ID offtU«tttSSr^lfcB6 
<DA-Aig|#TMBX;fc6o o 

X. tgB^»<DON/OFFffi«lJCJ:S>r>'^^«ifctt 
J»*^LfcRWBT*>*« 

[1219] i2Wj^^ hiassei-*5v> 

[B10] fB2(7)3§91<0>f V^i/ HB*3£1IW3V^ 

30 x. **<oti:ffl*»* 4 ytxz-ftftxmibwsm* 

[1211 1] W >9*J*.y Y~»y FbsOfMk&mzm 

x, X/vt niif S 

[Bl 3] ^W^^JtW-cfflv^W'v^osBKWtt*: 
40 ^Lfc^BXfc€»o 

1 fftffl^©: 

2 / X/V 

3 qtWP 

4 S^ 

5 £S 

6 /X/VPSS 

7 ^ffi 
8 
9 
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